1.Introduction
Many papers have reported high concentrations of radiocesium in mushrooms collected in Ukrainian and European forests after the Chernobyl accident. The concentrations of 137Cs in forest mushrooms were markedly higher than those in autotrophic plants. Mushrooms sometimes affect the behavior of Cs in the environment. Lindner et al. surveyed roe deer contamination with radiocesium isotopes in the rural prealpine area of Oberschwaben in southwestern Germany beginning in the autumn of 1986. They identified characteristic regional and seasonal patterns of contamination that resulted from its transfer from the soil to the grazing plants of these animals. They suggested that the periodic maximum observed in roe deer in the autumn was correlated with the mushroom season in the grazing forests.
Since edible mushrooms for humans also have higher 137Cs concentrations than other foodstuffs, they are important for an estimation of internal radiation doses from 137Cs through foods. Skuterud et al. reported dietary surveys and whole body monitoring at two sites in the Bryansk Region of the Russian Federation in order to estimate the transfer of Chernobyl radiocesium to humans. They found mushroom consumption was the predominant factor in a 60-70% mean increase in radiocesium activity concentrations in humans in the autumn. The contribution from a high concentration of 137Cs in mushrooms was found worldwide because of atmospheric nuclear tests. In our most recent study, the contribution of mushrooms to the total intake of 137Cs in Japanese was estimated to be 28% (on average) of the total intake of 137Cs, while that of 40K was estimated to be only 1.9%. Gaso et al. calculated the intake of 137Cs through 30 local mushroom species collected from 1993 to 1999 in a semi-natural temperate forest in Mexico and found that the mushrooms contributed 37% of 137Cs and 4% of 40K to the total dietary intake of these contaminants. We suggest that it is unreliable to neglect 137Cs in mushrooms when estimating internal doses of 137Cs. Therefore, the accumulation behavior of radiocesium in mushrooms should be elucidated for understanding radiation protection and radioecology.
Accumulation of radiocesium in fruit bodies has been observed by laboratory experiments. We carried out cultivation experiments for four basidiomycetes (Hebeloma vinosophyllum, Flammulina velutipes, Coprinus phlyctidosporus, and Agrocybe cylindracea) in a solid growth medium including 137Cs as a radiotracer .
Our results showed that fruit bodies of the four basidiomycetes accumulated Cs from the medium, although there were large differences in Cs concentration among mushroom species. The effects of Cs in the medium on the accumulations by the fruit body of H. vinosophyllum were investigated, and it was found that the concentration ratios of 137Cs were not highly influenced by coexisting Cs in the medium.
On the other hand, some references have reported that Cs is toxic to organisms. For example, Nishita et al. cultivated bean plants in nutrient solution at various Cs concentrations and a constant K concentration of 20 ppm. Visibly reduced plant growth occurred when the substrate Cs concentration was 5 ppm. At a Cs concentration of 20 ppm, the fruits were dwarfed and deformed. No fruit was produced at a Cs concentration of 30 ppm. Matsudaira et al.14 cultivated the cellular slime mold, Dictyostelium discodeum A-3, in the usual medium with 1 mM CsCl added. They found that the cell doubling time in this medium was 1.1 times as much as that when cultivated in the medium without Cs. The Merck index's reports the LD50 (medium lethal dose, the quantity of a chemical that is estimated to be fatal to 50% of the organisms tested) of CsCl to be 1.5 g/kg, or about 8.9 mmol/kg, intraperitoneally in rats, but values for RbCl and KCl are not given there.
Though it is known that mushrooms concentrate Cs, there are few reports on the role and the toxicity of Cs for mushrooms. It is difficult to evaluate the effects on growth and concentration of Cs by varying the concentrations of monovalent ions in the medium because the usual media for cultivation of fungi have high concentrations of K+ and NH4+. Therefore, we studied uptake of Cs and its effects on mushroom growth using a synthetic medium in which K+ and NH4+ concentrations were reduced as much as possible.
Experimental
Hebeloma vinosophyllum NBRC31231 (IFO31231) was used for the cultivation experiment. The medium composition is shown in Table 1 . We used a medium proposed by Suzuki with modifications designed to reduce K+ and NH4+ concentrations. A portion of the KH2PO4 was replaced with Na2HPO4 in order to lower the K content in the medium. Glycine
Ban-nai (H2NCH2COOH) was added in exchange for NH4Cl in order to reduce NH4+ in the medium. We assumed that cells uptake glycine through different channels from the NH4+ channels since glycine is an organic substance. Cells can make NH4+ from glycine in the cell by using glycine synthase (see eq 1). Therefore, the amount of glycine was decided by equating the nitrogen content to the NH4Cl content and assuming that all glycine in the medium was converted into NH4+. The amount of Ca was reduced in order to prevent the precipitation of Ca phosphate in the medium. The hyphae were placed in polyethylene vials and weighed. The concentrations of 137Cs in hyphae were determined by means of a NaI scintillation counter (Aloka ARS-380). Decay corrections were made at the start of the measurement.
The concentration ratio was calculated as "activity of 137Cs in hyphae of mushroom (Bq/g, wet wt.)" divided by "activity of "'Cs in medium (Bq/g , wet wt.)".
Results and Discussion
Effect on growth of hyphae. The hyphal growth in various medium solutions is shown in Figure  1 . The growth of the hyphae is usually described as an extension or weight increase of the hyphae; we used the wet weight increase in this report. The Cs concentration ratio in the hyphae in this study was lower than the concentration ratio in mushroom fruit bodies in our previous study even taking into account the difference of media. However, Cs might be a physiologically non-essential element for H. vinosophyllum.
It has been reported that fruit bodies have an ability to change Cs from an ionic form to complexes with pigment; Aumann et al. reported complexation of 137Cs by the cap pigments (norbadione A) of the bay boletus (Xerocomus badius).
